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Implementation of a Distributed Computer Control System at the LOS

Alamos Proton Storage Ring

R. V. Poore, L, 1.. Byrnes, M, P, Ilarrlng(orr, K. 13. S[uewe, and R. “1’.Weslcrvcl[
Meson Physics Dfivision, MS-H852
1.OS Alamos N:itional I. fibortilory

I.os Alamos, NM S7545 USA

Abstract. A dis[ribu[ed cornprr[er con[rol sys[em is being
[-OS Alamos Pro[on Storage fling using DEC MicroVAX
dis[ribu[ed da[abase. The first pro[olypc s~s[em is now in
runnin~ during Ihe Ias[ slorage ring running period. This
implementation, initial les[s, and fu[ure plans i’or the sys[em.

Key#ords: distributed da[abtise, dis[ribuled control

dccclcrti[or control syslcms,

implemented a[ [he
compulers will) ;~

place and has been
paper describes Ihc

sys[em, rctil-lilnc,

‘I-hc Proton S[orage Ring (l’SK) a[ [he Meson

Pilysics I:ticili:y of 1.OS Alomos Na[ion~l

I.abora[ory is used for b~sic research in bo[h

solid sta[c physics and nuclcirr physics, Ilere
ncr. rlrons tire produced by 800 MeV protons
from [he Los Alamos pro[on Iinac.

The Prolon Storage Ring conlrol sys[cm
was designed and i mplemented by Accelerator
Technology Division of Los Alamos Na[i~ntil
I.aboratrr;y during the period from 1980 [o
1985, [1,2], I’his system is show~ schemalicirlly
in I:ig. I
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a.r~ at most about a half second old, is referred to
as a “live” darabase. Fig. 2 shows [be
communication between the cenmal VAX and
one PDP- 1 I subsys[cm schematically. Here [he
migrator program perform: [he reading and

writing of [he da[abase belween [he PDP-I I

subsystems and Ihe VAX. Graphics output from
Ihe system is on seven 19 inch color Lexida[a
screens which are updated from [he VAX using

DMA through the Unibus. Control of the
equipment is done with touch screens mounted

on the Lexidala screens and knobs which
moun[ed below [he screens.
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Reasons for Changing the System

Aside from the fact that (he PDP-1 1/73
machines are now becoming obsolete, the
address space of the PDP-1 1 has become [he
major factor in our decision to replace them with
o[he. r hardware. Fig. 3 shows [he arrangement
of the address space in [he PDP-I 1. Here 4K
words are used by the 1/0 page, 12K words are
used for Ihe database and 16K words are !efl for
the program. In this system these boundaries
are adjustable only in 4K incrctnents. Since very
few programs can roil in less [ban 16K. words
and the 1/0 page size is fixed, this amounls 10
having a fixed database space of 12K words.
Thus, even lhough [he compuler may be capable

of managing more devices wi[h [he available CPU
lime, lhe fixed database space forces one 10 add

additional FDP-11 subsys[cms to handle
additional dellices.

As ws rcplirce the PDP-1 1 subsystems. we
wish to mak”: [he systcm more :nodrrlrrr ~nd

more maintainable. The fact [hal ;1!1 [hu PDI’-I 1
subsystems are on the same scri~l highw:]y and

Ihat [he opcristing sys[cm and all IIIe tipplicn[ion

codes are rlownline loaded OVCT [his highwiry
makes failu~e diagnosis difficult. IL is no[
possible, for example, to lake a PDP-1 1 off-line
to run diagnostic programs, In adJi[ion (he
architecture of having “a ccnlral VAX forces n
centralized database which Iiml[s [he cxpflnsion
of the con![ol system by lhc processing power of
the central comptr[er. Since Ihc syslcm w~s
designed [hc Lexidata scrccns hJvc bccomc

obsolcle, mrrking prcrcurcmrn[ () f spnrc p[lrls

difficult, ;In(l expansion cxpcnsivc.

Future 1’S1{ (;ontrol syslcln

Wr cnvisit~l~ [hr. I’rllurc 1’S1{ (’onlr[)l sysl I.Iu

;Is in I;ig. 4. TIIC 1’1)1’-1 I (ollll)lllrrs Il;ivc I)CCII
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(or downlinc Ion[liil[: :il Id (Iill:lh:lsc Ir:lllsfcrs
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We feel [his new system will give us
several desirable features:

1) The database will be dis[ribuleri among
lhe MicroVAX subsystem computers. Each

subsys[em will maintai~ lhat portio:, of [hc
database which is associated wilh IIIC
devices on [he CAMAC serial highway of
[hat machine. This allows n modul~r
apprmrch [o expansion of [bc syslcm, since
irs new devices isre ~ddcd one need I}lJI
:Il[er existing device cnnfigurnlions (jll

o[hcr Sr.rbsysirli)s.

2) ‘I”hr systcln will bc m(rdul:lr wl)ich wIII

allow expansion to more works ttitiolls” Llll[l

wl(lili(m:ll sul)syslcll Is should Ihc llCC(i

ilrl.\ (”,

3) We :Il)[icil)alc [hut rcpl:lcing tllu

[.caidir[:l scrcclls will] works[~l(ions will
provide i Rrnph;cs inlcrfocc wbiuh wc

hclievc will bc n)orc c(ficicl)l ill)d clfe(’llvc
in prescn[i[:g ct)nllols inf’orlll;lli{)ll lo Illr
opcrntor, ‘1’bc works [;ltiom” will IIJVC IIIr
:,(1~1~(j adv:llll;lgcs of ~rc;llcl poll; n); llly

dIId lno(lul; lri[y.

4) Al] plo~!r:lnlllling WIII l~r III 111(- ~1111(-

ol)ci;llin~ Syslrlll,

Schcma, ically, [he ncw syslem is shown in

I’ig. 5 for one workstation console and one

MicroVAX subsystem, Data requests and
commands will be sent using [he Iithcrnet link
between console workstations and [he
illstrunlenlalion subsys[crn compulers, The
binary and analog reader programs in the
subsys[em compuler will update a live da[abase

in memory. The server program provides
remole access 10 the device da[abasc for
works [a[ion consoles or for olhcr subsyslem
compulcrs.

Access lo lhc d~tal~asc on (1IC subsyslcm
L’oll)l)UICr is Viii []IWC diffcrcll( ll)o(l~s 0[ rc]l)()[c
1)1(]~.ctlurc c;llls:

1) Ill ,Syll(’hro?loll. $” ltlfdc Illc :lpl)lic~lio)l
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OIIC d: Ilnbilsc v:lluc :111(1 w;lits Ior lhc v;Iluc

10 I)c rc:urncd.
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collllll; ln(ls tiIId rlocs not wnil for the
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Ptesent State of the Conversion

A[ the presen[ lime, we have installed one

of [he MicroVAX subsystems wi[h one CA MAC

crate in ordc.r [o prototype Ihe sys[cm and [CSI
[he speed of dalabase transfers and CPU
overhead in both [he subsys[em compu[cr ~nd

Ihe console. This cra[e was removed from one o(’

[he PDP-1 1 sys[ems and is used 10 rend targe[

temperatures and radiation levels from neu[ron

deteclors, This configuration is shown In l“Ig. o.

AI ~he present lime we have devices on [he

sys[em which can only be read. Consequently,

conirol, or [he capability [o write (o devices, has
not been completely implemented ye[.

approximately one quarter of thal presen[ly on
onr of the PDP- 11 systems. We find fha[ [he

reader programs consume about 3% of Ihe CPU
lime on the 3200 when the database is updated
about once per second and that Ihe overhead of
network server processes is currently about 6-
10%. On a MicroVAX II [his would have been
approximately 13% for the readers and 20-80%
for ne[work server processes. The vari~tion in

Ihe CPU usage by the server processes depends
on [he nunlber of application programs in the
console computer and [heir me[hod of access. In
practice, we feel that the reader load on the CPU

of Ihe subsystem should not be above aboul 30%

of [he to[al CPU time in order to allow for
periods of peak loading. Also, we feel that the
server process CPU usage should be limited to
abou[ 4070

“rest kesults on ihe Prototype Systrn)

Ini[ially, a MicroVAX 11 was instfillcd as
(he subsys[em compll[er, Excessive CPU loading
led us 10 replace it wi[h a MicroVAX 3200. The
database on ;hc Micro \.’AX subsys[em
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The important fea[ures ‘which have b(’cn
determined are:

1) Network server processes are the
largest consumers of CPU lime in bo[h the
console computer and in Ihe Micro VAX
subsystem.. This demands carcfu] conso]e
application program design in order to
reduce unnecessary accesses.

?) The Mic~oVAX 11 is a lit[le slower than
the PDP-I 1 computers for CAMAC access
and aboul [he same speed otherwise.

Except for special applications, [he

MicroVAX II is probably [cm slow for our
inlended application,

3) In order 10 reduce Ihe CPU overhead of
nc[work server processes in [he hficro VAX
subsyslcm, i[ has been necessary to
reprogram applic~[ion codes in the console
Micro VAX 3600 [o reduce Ihe use of

synchronous tlatabasc ticccss. The usc of
synchronous ticccss is a carry-over from
[hc usc of the centralized dalabase. Since
only a fcw of the hundred or so of Ihe

console compu[er application codes lend
tt, em selves 10 efficient use of
asynchronous database access, we have

made cx[en<ive use of the AST mcde [o gc[
dfila from I c daltbase. This has proven 10
b c Ihc Iechnique which loads [he
con)pulcrs II)c lCJS[,

c~mac
-erial

hlghwa~

Conclusions

From our experience so far, i[ appears [hnt
[his system will work on [he PSR con[rol sys[em.
The next phase will be the ins[allalion of conlrol
functions and additional devices. Following Iha[,
Ihe PDP-i 1 compulers will be replaced gradually
over the nex[ [WO years during periods of
accelerator downlime.
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